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1. Introduction

In this contribution we further address inband inter eNB over-the-air communication (OTAC) for LTE-Advanced. As will be further motivated in this contribution, inter eNB OTAC is a useful mechanism for supporting uncoordinated deployment requiring exchange of information. Inter eNB OTAC was also shortly addressed and motivated in [1]-[3], but here we present further considerations. We limit the discussion to only considering inter eNB OTAC of relative small control-plane messages.

The contribution is organized as follows: In Section 2 we further present the motivation, use-cases, and high level requirements for OTAC. In Section 3 we discuss potential methods for coordination of OTAC transmission/reception between eNBs, while physical layer aspects of inter eNB OTAC transmission are addressed in Section 4. Finally, summary and concluding remarks are given in Section 5.

2. Use-cases and further motivation
As reported in [1]-[3], uncoordinated deployment of low power eNBs (e.g. Home eNBs or pico cell eNBs, which may be operating without an established X2 interface) in local area environments will benefit from having support for dynamic frequency re-use mechanisms. In [1]-[2] such schemes were called “autonomous component carrier selection”, while it was named as “dynamic management of frequency band resources” in [3]. However, it basically refers to the same type of scheme, where each eNB dynamically selects to only use a subset of the available component carriers (i.e. using from one component carrier up to the maximum number of available component carriers). Component carriers are selected autonomous for each eNB depending on the offered traffic, interference coupling with neighbouring cells, etc. For such a distributed scheme to work optimally, some communication and information exchange is required between neighbouring eNBs. Among others, it has been identified that communication of the component carriers used by the different eNBs is beneficial, power settings for different component carriers, and also various requests for releasing component carriers and/or reduce interference on component carriers, etc. However, for uncoordinated deployment of cheap low power eNBs, there may not always exist an established X2 connection between these nodes. Hence, for such cases we propose to have support for inband inter-eNB over-the-communication. Inband inter eNB OTAC was also shortly mentioned [1]-[3]. 

The “autonomous component carrier selection” or “dynamic management of frequency band resources” scheme, is expected to operate at a rather slow frequency with updates on the order of approximately tens of seconds, and is mainly considered to be event driven. Event driven in the sense that re-selection of active component carriers for an eNB will mainly be triggered if there are larger changes in the offered traffic per cell, or if the interference experienced form neighbouring nodes suddenly changes (e.g. due to power on of a new Home eNB). The OTAC messages required for this type of application are mainly identified to be broadcast type of messages being sent from one eNB to all the surrounding and potentially interfering eNBs. Thus, inter eNB OTAC messages that do not require explicit acknowledgements and/or hand-shake procedures between eNBs are to be expected (details are FFS).
Another promising use-case for inter eNB OTAC is related to over-the-air synchronization of eNBs. Especially for local area indoor environments with no GPS access, additional mechanisms are required to ensure eNB synchronization / coordination. In order to illustrate the latter, let us consider the following simple example in Figure 1. In this example, a cluster of eNBs are synchronized with each other, while another eNB (eNB2 in Figure 1) is having a different synchronization, as it does not belong to the other cluster. Hence, eNB2 is “free running”. Now a new eNB (denoted eNB3) is switched on, and eNB3 can “hear” both the eNB2 and eNB1 having different synchronization references. For such cases, it would be useful to have OTAC messages assisting to resolve such situations. For the particular example in Figure 1, it would be beneficial for eNB3 to know that eNB1 is synchronized with a larger cluster of other eNBs while the sync reference for eNB2 can more easily be modified. Other cases where some eNBs are synchronized via GPS, while others are autonomously synchronized to other eNBs not having GPS access, could also benefit from inter eNB OTAC. Similarly, inter eNB OTAC could also be beneficial in distributed autonomous schemes for optimal selection of UL/DL switching point configuration for TDD. Details for such an approach are FFS.
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Figure 1 Example of situation where OTAC could be beneficial in facilitating synchronization.
So as discussed here, there are several examples of promising use-cases for local area deployment, where inter eNB OTAC of small control-plane messages (say of 10-100 bits size) would offer benefits, and help increase the performance for uncoordinated deployment of (Home) eNBs without an established X2 interface. However, the exact details and definition of such inter eNB OTAC messages requires further studies and also depends on e.g. how the autonomous component carrier selection concept will be further standardized for LTE-Advanced. In the end, the exact inter eNB OTAC message definitions related to content and rate of occurrence will have to be based on input from RAN1 as well as RAN2/RAN3.
3. Coordination of Tx and Rx for inter eNB OTAC
One of challenges of having inter eNB OTAC is how to coordinate such transmissions and reception between Home eNBs as illustrated in Figure 2. A Home eNB will need to know when it should listen to inter eNB OTAC messages from other Home eNBs, and similarly it needs to be standardized when a Home eNB is allowed to send an OTAC message. For TDD and FDD (with inter eNB OTAC signaling in the downlink freq band), a Home eNB will have to be completely muted while receiving OTAC messages from other eNBs. This means no transmission from the listening Home eNB to its connected users is possible. This applies to all Home eNBs that are in “listening mode”.
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Figure 2 Example with cluster of 5 eNBs having inter eNB OTAC.

Assuming that OTAC transmissions are needed only at relatively slow frequency, one approach (just an example) would be to have regular time-slots configured for OTAC transmission/reception as illustrated in Figure 3. Hence, only during these time-slots it will be possible to have inter eNB OTAC. Within this frame-work there are basically two principle approaches for defining the protocol for OTAC transmission/receptions:

· Contention based: Each eNB transmits in the first coming slot for OTAC transmission/reception whenever it has a new message to send. Hence, using some kind of slotted ALOHA based approach. In general, contention based signalling is well suited for exchange of data where the time of availability of data is uncertain. 
· Non-contention based: Methods with more strict coordination between the eNBs to avoid collisions of OTAC transmission. Such methods will probably require more explicit mutual knowledge of the Home eNBs in each cluster. Non-contention based signalling is in general more suited for exchange of data with regular data transmission.
More detailed studies are required before concluding if the contention based or non-contention based approach is the most attractive solution. Here the overall optimization goal would basically be to derive a robust protocol for inter eNB OTAC transmissions/receptions, which ensures sufficiently reliable inter eNB OTAC (given a certain set of use-cases), subject to minimizing the overhead of inter eNB OTAC (i.e. reducing the physical transmission resources used for OTAC). 
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Figure 3 Example with periodic time-slots for inter eNB OTAC transmission and reception.

4. Physical layer aspects
In order to properly support inter-eNB over-the-air communication, several aspects need to be considered also regarding the physical layer design. As mentioned in the previous section, an eNB receiving OTAC messages from another eNB can not be transmitting its own transmissions at the same time. Hence, we face the same problem with backwards compatibility to Release 8 as with relay support, i.e. that there needs to be a mechanism to mute the eNB RS transmissions for the purpose of communicating with another eNB.

One potential solution is to utilize the MBSFN subframe solution that is also being considered for relay support. Alternatively, for TDD one might want to reuse the TX-RX and RX-TX switching points that are already present in the frame structure, and place the OTAC slots adjacent to the switching point.

Once the time slots for the OTAC transmissions have been arranged, one needs to define the slot format, i.e. reference signals, required guard periods etc. For the RS, potentially one could reuse the existing RS, or alternatively, even optimization to more static scenarios could be considered. Guard periods are required both before and after the actual OTAC transmission due to TX-RX and RX-TX switching times, propagation delays and potentially also due to small residual synchronization errors. But, how large guard periods are required is FFS as it depends on the scenarios in which OTAC is to be supported.

If the transmissions are broadcast-type of transmissions, i.e. unacknowledged, much more may not be needed on physical layer. Control signaling is one aspect, however this depends a lot for example on the selected OTAC TX/RX coordination mechanism. Also in general, there seems to be many commonalities to eNB-to-relay link, hence it may be that certain issues specified for relay support can actually be reused for inter-eNB communication.

5. Concluding remarks
In this contribution we have discussed several aspects of inband inter eNB over-the-air communication (OTAC) for LTE-Advanced. We especially consider inter eNB OTAC to be attractive for local area deployment of LTE-Advanced Home eNBs without established X2 connections. For such cases, inter eNB OTAC is seen as important facilitator for having good support for cheap uncoordinated deployment of Home eNBs. Inter eNB OTAC is not considered to bring significant benefit in e.g. macro cellular environments with planned (coordinated) eNB installations, having established X2 connections between sites. However, inter eNB OTAC between local area low power eNBs and wide area macro cells could represent an additional use-case – It is FFS if such support is needed.
There are several technical aspects of having inter eNB OTAC standardized for LTE-Advanced, which require further studies. Some of those considerations can be summarized as follows:
· Use-cases for OTAC includes short messages for supporting autonomous component carrier selection, power adaptation, TDD specific cases for UL/DL switching point management and synchronization. For those use-cases, only relative small control messages are needed. Mainly event triggered messages at a fairly low average frequency, say on average every approximately 10 seconds per eNB, or perhaps even slower (details are FFS).
· A standardized mechanism for coordination of transmission and reception of inter eNB OTAC messages is needed without any centralized control. Here there are two overall methods: (i) contention based and (ii) non-contention based. It needs to be further studied which of those two methods is the most attractive solution. One optimization would be to minimize the overhead from inter eNB OTAC, while at the same time providing the required OTAC performance.
· Methods to allow eNBs to mute the DL RS transmission are needed for the purpose of receiving OTAC messages from another eNB(s). Other physical layer aspects that require attention are guard periods and control signaling. It seems that in general, from physical layer perspective there may be many common issues with inter-eNB OTAC and support of the eNB-relay link, hence actually the required additional standardization effort may be fairly limited.
As a final remark, we suggest to investigate inter eNB OTAC for LTE-Advanced. Hence, one of the next steps would be to consider a possible text proposal for 3GPP TR 36.814 on inter eNB OTAC. Also, it could be useful to further agree on a set of reference use-cases for inter eNB OTAC, which could then afterwards be used as a reference for further benchmarking of different inter eNB OTAC solutions. 
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